The purpose of this series was to evaluate the features of eccrine spiradenoma on ultrasonography (US). We reviewed the clinical data of 8 patients with eccrine spiradenoma who underwent preoperative US at 4 different medical institutions from 2004 to 2016 and analyzed the US features in terms of the tumor location, size, shape, margin, echo texture, echogenicity, posterior acoustic enhancement, calcification, septum, and color Doppler flow. There were 7 female patients and 1 male patient. The mean patient age was 45.6 years (range, 28-60 years). Most of the tumors were located primarily in the subcutaneous fat layer. The mean size of the tumors was 14.3 mm. The masses had a lobular appearance in 7 patients and had a tractlike structure in 3 patients. In 6 patients, the masses had a heterogeneous echo texture. Six cases showed hypoechogenicity with more hypoechoic foci in the masses, and 2 cases showed hypoechogenicity only. Color Doppler flow was evaluated in 7 patients; the blood flow was central and peripheral in 4 patients and only peripheral in 3 patients. All cases showed posterior acoustic enhancement and had well-defined margins. Calcification and septa were not seen in any cases. Eccrine spiradenoma is usually located in the subcutaneous fat layer, has a well-defined margin, a lobulated appearance, occasionally with a tractlike structure, a heterogeneous echo texture, a hypoechoic appearance with internal hypoechoic foci and posterior acoustic enhancement, and shows blood flow in the peripheral portion, with or without blood flow in the central portion.
ccrine spiradenomas are rare benign soft tissue tumors originating from sweat glands. They are subcutaneous neoplasms, located in the skin and subcutaneous tissue, which develop as a result of differentiation of the ductal and secretory components of eccrine sweat glands. 1 They are usually solitary lesions of 1 to 2 cm in size and are occasionally associated with pain and tenderness. 2 Little is known regarding the features of eccrine spiradenoma on ultrasonography (US), as this tumor is rare and is usually excised without prior imaging studies. Only a few reports of US or magnetic resonance imaging (MRI) characteristics of eccrine spiradenoma have been published. To the best of our knowledge, there have been 3 case reports regarding the US features [3] [4] [5] and 6 case reports regarding the magnetic resonance imaging features. 4, [6] [7] [8] [9] [10] Therefore, the purpose of this retrospective series was to analyze and describe its US characteristics.
Materials and Methods

Patients and Clinical Data
This study was performed in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of Konyang University Hospital. Adult participant consent was not required because the need for obtaining informed consent was waived. We retrospectively searched the pathology databases of 4 different medical institutions using the search term "eccrine spiradenoma" between January 1, 2004, and December 31, 2016. Fiftytwo cases were identified. We excluded 44 cases in which preoperative US examinations were not performed. Eventually, 8 cases were included in this series. Medical record information, including patients' ages, sexes, and tumor sites, was recorded.
Imaging
Ultrasonographic examinations were performed with multifrequency linear array transducers (5-12 or 7-15 MHz) on either an HDI 5000 US system (Philips Healthcare, Bothell, WA), a LOGIQ 9 system (GE Healthcare, Wauwatosa, WI), or an iU22 system (Philips Healthcare). All US examinations included grayscale images obtained in the transverse and longitudinal planes as well as color Doppler images.
Imaging Analysis
Two musculoskeletal radiologists (C.M.H. and B.S.K.) with 15 and 14 years of clinical experience, respectively, retrospectively reviewed all of the US images on a digital workstation to consensus. Analysis of the US features focused on the layer in which the tumor was located (epidermis, dermis, or subcutaneous fat layer), size (longest diameter in 3 dimensions), shape (round, oval, or lobular), margin (well defined or poorly defined), echo texture (homogeneous or heterogeneous), echogenicity relative to the adjacent muscle (hyperechoic, isoechoic, hypoechoic, anechoic, or combined), posterior acoustic enhancement, internal calcification, and presence of a septum. The presence of vascularity was determined, and its pattern (ie, peripheral, central, or both peripheral and central) was identified on color Doppler images.
Results
The demographic data of the patients with eccrine spiradenoma are summarized in Table 1 . The study population (mean age, 45.6 years; range, 28-60 years) included 7 female patients and 1 male patient. Four lesions were located in an upper extremity, 2 in the chest wall, 1 in the axilla, and 1 in a lower extremity. The overlying skin was intact in all patients. All lesions appeared as painless palpable masses and were slow growing, as observed over 6 months, according to the medical records.
The US features of eccrine spiradenoma are summarized in Table 2 . Five lesions were located only in the subcutaneous fat layer, and 3 lesions were located in both the subcutaneous fat layer and the dermis ( Figure 1A) . The sizes ranged from 6 to 33 mm in the greatest diameter, with a mean diameter of 14.3 mm. Six lesions were smaller than 20 mm in diameter. The shapes of the lesions were lobular in 7 cases and oval in 1 case. Three lesions had a tractlike structure in the superolateral portion of the mass ( Figure 2 ). All of the tumors had well-defined margins. The internal echo texture was heterogeneous in 6 cases and homogeneous in 2 cases. There was a combination of hypoechogenicity with more hypoechoic foci in 6 cases and only hypoechogenicity in 2 cases ( Figure 3 ). All of the tumors showed posterior acoustic enhancement. No tumor showed a septum or internal echogenic foci representing calcification. The 7 lesions imaged with color Doppler US all showed blood flow in the mass (ie, both central and peripheral in 4 cases and only peripheral in 3 cases; Figure 1B ).
On microscopic examinations, all cases showed the common features of eccrine spiradenoma, consisting of small cells with darkly staining nuclei surrounding larger cells with a pale cytoplasm ( Figure 1C ). Additionally, the tumor was composed of dense cellular portions with epithelial cells and scattered lymphocytes; in contrast, the less cellular portions showed mainly edematous stroma. Multiple vascular channels were seen in the dense cellular portions.
No correct preoperative diagnoses were made in any of the patients after US examinations. The most common US misdiagnoses were hemangioma and a glomus tumor. No malignant features were evident in the 
Discussion
Eccrine spiradenomas may occur in patients of any age, although they are most frequently seen in the second and fourth decades of life, and they do not have a sex predominance. 6, 11 In our series, patients were older than in other published reports, and there was a female predominance. These findings were perhaps related to a selection bias in the accumulation of pathologically confirmed cases.
Although prior literature has described head and upper trunk predominance, in this series, eccrine spiradenoma occurred more commonly in the upper extremity, a finding that differed from other published data. 3, 4 We consider it necessary to include eccrine spiradenoma in the differential diagnosis of a palpable mass in the upper extremity.
In this series, 85% of all eccrine spiradenomas were excised without preoperative imaging studies, mainly in the Departments of Dermatology, General Surgery, and Plastic Surgery. Recently, US has frequently been used for the evaluation of small soft tissue tumors. Although eccrine spiradenoma is classified as a cutaneous tumor originating from skin appendages, all cases in this study were mainly located in the subcutaneous layer with or without involvement of the dermal layer and were similar to those in previously published reports. [3] [4] [5] This location was thought to be caused by the relatively strong and elastic nature of the dermal layer compared with that of the subcutaneous fat layer, as described by Jin et al. 5 There were also no extensions to the epidermis and muscular structures of the lesions.
Although the largest reported diameter of eccrine spiradenoma was 10 cm, 12 most of these tumors measured only a few centimeters. The sizes of the lesions in our series were comparable with those in other studies, with a mean diameter of 14.3 mm and with most being smaller than 20 mm.
In this series, most of the lesions had a lobular shape, and all had well-defined margins. These findings were also concordant with those of previously reported cases. However, 3 cases showed a tractlike structure in the superolateral portion of the mass; to our knowledge, this appearance has not previously been described, and it may relate to the histologic morphologic characteristics of eccrine spiradenoma. Histologically, the eccrine secretory unit comprises a simple tubular epithelium lining the secretory coils, situated in the reticular dermis, and eccrine ducts that conduct the sweat through the dermis and epidermis onto the surface of the skin. 13 If the eccrine duct is obstructed by tumor cells or secretory fluid, it is possible that the tractlike structure would be seen on US.
In this series, 6 lesions appeared to have heterogeneous hypoechogenicity, and 2 lesions showed homogeneous hypoechogenicity. The heterogeneous appearance was thought to be due to multiple hypoechoic foci with background hypoechoic portions. When we correlated US features with histologic examinations, the background hypoechoic portions corresponded to dense cellular portions, and more hypoechoic portions corresponded to less cellular portions. These findings were similar to those in the previous report by Jin et al. 5 In comparison, homogeneous hypoechogenicity was shown in 2 of 3 cases with lesions smaller than 10 mm, which were examined only with a large-field-of-view transducer; it is possible that we could not differentiate the multiple hypoechoic foci from the hypoechoic background.
We found that all eccrine spiradenomas showed posterior acoustic enhancement; to our knowledge, this finding has not previously been described. Posterior acoustic enhancement or increased through-transmission occurs as a result of the relatively lower attenuation of the sound beam in the imaged lesion than in the adjacent soft tissues, which results in a hyperechoic appearance of soft tissues deep to the lesion.
14 Although posterior acoustic enhancement is seen in many cystic tumors, it is important to consider that it is frequently seen in eccrine spiradenoma.
None of the 8 lesions showed internal calcification. These findings are similar to those of previous case reports. Although Balaban et al 3 described millimetric echogenic regions without any acoustic shadows in eccrine spiradenoma, those areas were not proven to be calcification. Moreover, similar to previously reported cases, none of the 8 lesions in this series showed a septum.
The central and peripheral blood flow of eccrine spiradenoma was also described in 2 patients in 2 previous case reports. 3, 5 In our series, blood flow was evaluated in 7 cases. The images showed blood flow in both central and peripheral regions in 4 patients and in the peripheral region in 3 patients. Vascularity was due to multiple vascular channels, as proven on pathologic examinations. Although the vascular waveform was not investigated in this study, Jin et al 5 described arterial blood flow with low-resistance waveforms in eccrine spiradenoma.
On a histologic examination, eccrine spiradenoma is a highly cellular cutaneous-and subcutaneous-tissue tumor with clear margins that is composed of 2 types of cells: ie, small dark-staining basaloid cells and larger palestaining cells. At a low-power magnification, eccrine spiradenoma appears as a solid neoplasm composed of a single mass or a few masses of basaloid cells. At a higher magnification, 2 distinct populations of neoplastic epithelial cells can be seen as dark and pale cells, respectively. 15 Eccrine spiradenomas are benign tumors; they rarely show malignant transformation. 16 A correct diagnosis is important, as the potential for malignant transformation is higher in patients with multiple and symptomatic lesions. All of the malignant lesions reported in the published literature had evolved from benign lesions. Their early diagnosis and complete surgical removal with adequate surgical margins are important because of this risk of malignant transformation. 17 In our series, no local recurrence or distant metastasis of eccrine spiradenoma was found in any patient.
The US differential diagnosis of eccrine spiradenoma includes hemangioma, angioleiomyoma, a glomus tumor, an epidermoid cyst, lymphoma, and metastatic masses. Hemangioma may be hypoechoic or hyperechoic relative to the surrounding tissue and may have a homogeneous or complex appearance. 18 Angioleiomyoma appears as a small oval mass with welldefined margins, complete solid components, homogeneous hypoechogenicity, low or moderate vascular density, and the absence of calcification. 19 Glomus tumors appear as well-circumscribed solid hypoechoic masses on US and show marked vascularity within the masses on power and color Doppler interrogations. 20 Epidermal inclusion cysts are usually well-circumscribed oval mildly echogenic masses with occasional linear anechoic or echogenic reflections and increased throughtransmission, a hypoechoic rim, and no Doppler flow. 21 Malignant subcutaneous tumors, such as lymphomas and metastases, show an anarchic vessel pattern consisting of caliber changes, multiple loops, and trifurcations. 22 We acknowledge several limitations of this series. First, we included only a small number of patients. Second, the series was retrospective in nature. Finally, the interpretation of the surgical specimens was performed by multiple pathologists in 4 different medical institutions.
In conclusion, we have shown that eccrine spiradenomas are usually located in the subcutaneous fat layer, have a well-defined margin, a lobulated appearance, occasionally with a tractlike structure, heterogeneous echotexture, a hypoechoic appearance with internal hypoechoic foci, and posterior acoustic enhancement, and blood flow is present in the peripheral region, with or without blood flow in the central region.
